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NATIONAL OCEAN SURVEY/CALIFORN 

I .  INTRODUCTION Prepared by A. K. Landsbe 

The main o b j e c t i v e  o f  t h e  Nat ional  Oc 
Boundary Program (CMBP) i s  t o  u t i l i z e  t i d a l  data ODtained rrom t n e  es tab l lsnea 
t i d e  s t a t i o n s  t o  determine t i d a l  datums o f  s u f f i c i e n t  accuracy t o  de l i nea te  
marine boundaries and support t h e  NOS Naut ica l  Chart ing Program. I n  a d d i t i o n  
t o  p r o v i d i n g  t h e  surveyors w i t h  t i d a l  bench marks from which boundaries can be 
del ineated,  i t  a l s o  prov ides i n fo rma t ion  t h a t  enhances mapping o f  t h e  coasta l  
areas. 

The NOS and i t s  predecessor 
c i n r e  1x34. The e a r l v  t i d e  obsf 

agencles nave oeen maK1 ng z iue  u o x r v c l  L i u r~s  
- . . . - - - - - . . . . - - - . .  vation ion programs focused on t h e  needs of 
n a u t i c a l  char t ing .  I n  l a t e r  years, t h e  need f o r  de terminat ion  o f  marine bound- 
a r i e s  p laced more emphasis on t i d a l  programs f o r  t h a t  s p e c i f i c  purpose. TO 
acqu i re  t h e  necessary t i d e  data f o r  e s t a b l i s h i n g  basel ines f o r  demarcating 
marine boundaries, t h e  NOS o  ~ r i m a r y ,  
secondary, and t e r t i a r y .  B r i  

pe ra tes  th ree  types o f  t i d e  s ta t i ons ;  
e f l y  these can be descr ibed as fo l l ows :  

The pr imary t i d e  s t a t i m b  LUIII~I I X  O- PU, LIUU V I  LHC M L I W C ~ I  T ide 
Observation Network (NTON). They are  permanent i n s t a l l a t i o n s  where cont inuous 
t i d e  observat ions are  c o l l e c t e d  f o r  a  minimum o f  19 years. The i r  purpose i s  
t o  p rov ide  19-year accepted values f o r  datum computation, c o n t r o l  o f  datum 
determinat ion  from shor t - term observat ions, and t o  mon i to r  long-term sea l e v e l  
v a r i a t i o n s  which a f f e c t  datum computations. The data from these s t a t i o n s  i s  
a l so  used t o  rev iew and update the  Nat ional  Tida.1 Datum Epoch. 

Secondary t i d e  e  
l o c a t i o n s  w i t h i n  t h t  irtun, atlu I I I I V I ~ L . ~ U ~ I  auuuI. xa3urm 1 vat ta~,lutna 

general t i d a l  c h a r a c t e r i s t i c s  w i t h i n  a  p a r t i c u l a r  bay o r  es tua r ine  system. 

~ b s e r -  
vc - . -. .- - . - . - . - ... . . . . - . - - -- J - -  

. . . .  and . . - . .  r .  .. . . . 

11. BALKI~KUUNU r reparea ay A. K. Lanasaergls ana v. m. mar t i n  

I n  March 1974, NOS entered i n t o  a  coopera t ive  agreement w i t h  t h e  San 
Francisco D i s t r i c t ,  U.S. Army Corps o f  Engineers (COE) t o  e s t a b l i s h  15 secon- 
dary t i d e  s t a t i o n s  i n  South San Francisco t o  determine t i d a l  datums t o  a s s i s t  
i n  r e g u l a t i n g  development a c t i v i t i e s .  P r i o r  t o  t h e  te rm ina t i on  o f  t h e  COE 
agreement i n  March 1976, C a l i f o r n i a  Sta te  o f f i c i a l s  became i n t e r e s t e d  i n  the  
cos t -shar ing  marine boundary program because o f  pending l i t i g a t i o n s  throughout 
t h e  state.  Subsequently, NOS and t h e  S ta te  Lands D i v i s i o n  s igned an agreement 
i n  January 1976 f o r  a  4-year program t o  c o l l e c t  t i d e  data from as many t i d e  



s ta t ions  as could be reasonably funded under the terms of an agreement which 
was to  be terminated December 1979. 

NOS provided the s t a t e  w i t h  a detailed plan f o r  t ida l  requirements f o r  
a l l  the coastal and estuarine areas of California. A t  the beginning of the 
t h i rd  year of the program, i t  was apparent t ha t  a t  the exis t ing level of 
Federal/State funding, a l l  the  requirements could not be met by December 1979. 
NOS requested a l i s t  of p r ior i ty  areas from the s t a t e  and in conjunction w i t h  
NOS requirements t o  support hydrographic operations in California,  a number of 
options were presented in June 1978. I t  was mutually agreed tha t  the 
secondary network of s ta t ions  would be completed in San Pablo Bay, Suisun Bay, 
and the Sacramento and San Joaquin Deltas. Secondary and t e r t i a r y  s ta t ion 
networks had already been completed f o r  San Francisco Bay, Humboldt Bay, 
Tiajuana Estuary, and ~Yoss Landing. By December 1979, a l l  of the optional 
requirements of June 1978 were completed and approximately 50 percent of the 
original  program plan were accomplished. The following i s  a summary of the 
proposed s ta t ions  and those established during the program: 

Total Number Number of Stations Number of Stations Percentage 
of Proposed Established a t  to  be Established Accomplished 
T i d e  Stations the End of Project 

Primary 4 2 2 50% 
Secondary 114 80 34 70i0 
Tertiary 186 7 1  115 38% 

Total 304 -153 151 50% 

A. Introduction 

The t i de  party was the medium through which the CMBP Boundary was 
transformed from project  ins t ruct ions  t o  an operational t ida l  observation 
network. The t i de  party, tasked w i t h  performing the f i e l d  operations, was a 
mobile u n i t  receiving technical direction and funding from Headquarters i n  
Rockville, Maryland and log is t ica l  and operational support from the Pacific 
Marine Center (PMC) i n  Sea t t le ,  Washington. The t i d e  party, by necessity, was 
responsible f o r  much of i t s  own administration, coordination, l og i s t i c s ,  
equipment maintenance, and transportation.  Meshing those functions w i t h  the 
varied contingencies of running a f i e l d  operation presented a challenge which 
required dedication, determination, and a team e f f o r t  from a l l  involved. The 
r e su l t  was an e f f i c i en t  t ida l  observation network col lect ing valuable, 
high-quality t ida l  data. 

A t  it: f i e l d  
e f for t .  A t  t m s  tlme tne program was a cooperarive agreemenr uerween I Y U ~  and 
COE w i t h  input from the State  of California. I t  required only a limited amount 
of t i d e  s ta t ions .  With the entrance of the s t a t e  of California into the 
program i n  January 1976, the scope expanded and the CTP assumed the s t ructure  
i t  would keep throughout the program. This consisted of 



Chie f  o f  Par ty  (on1 
Oceanographer (one 
Survey Technician 
Student Engineerin '  

e )  - NOAA Corps O f f i c e r  
) - NOS c i v i l i a n  employee 
(one) - NOS c i v i l i a n  employee 
g Aide ( f o u r )  - S ta te  o f  Ca l i f1  

inp L n i e t  n t  r a r r v  o r i m a r i l  y managed t h e  admin- 
was t h e  main l i n k  .. . . . 

i s r r a n v e  ou r les  ano wornea . . . - -. . . - . - . . - . -, 7~ . '  ~~ 

most ly  a t  t h e  f i e l d  o f f i c e .  He i n  commun i ca t i i n s  between 
the  CTP, PMC, and Headquarters. H is  major  r e s p o n s i b i l i t i e s  were: 

Tho fh inf  nf P z r t v  n n c i f i n n  W A C  A N f l A A  I'nrnc f l f f i re r  acq~nnmpnt tnrntmn- 

1. superv is ion  o f  employees, 
2. maintenance o f  l i n e s  o f  communications, 
3. approval and fo rward ing  o f  p r o j e c t  data, 
4. p e r i o d i c  repor ts ,  
5. f inances, 
6. l o g i s t i c s  coord ina t ion ,  and 
7. secur ing  i n s t a l l a t i o n  permission from p rope r t y  owners. 

"'.. w . . . - ,  " '  "",, r"- ,".". .  ..-- .. .." .... --.r- " . . . - - .  ---.>.....-..- 7.' 

out t h e  program w i t h  t h e  except ion o f  t h e  f i n a l  4 months when i t  was f i l l e d  b y  
sn oceanographer. 

J u l y  1975 through November 1975 - L t .  Gary Adair, NOAA 
November 1975 through A p r i l  1979 - L t .  Roger A. Morr is ,  NOAA 
A p r i l  1979 through November 1979 - L t .  ( j g )  Fain McGough, NOAA - ." -A L ,  -,. .. , .A"* -2 L .  - 2  P P ,  2 .- vecemDer ~ Y I Y  rnrougn marcn wau - Kicnara r. tawing 

The Oceanographer p r i m a r i l y  managed t h e  f i e l d  operat ions. He funct ioned 
as techn ica l  adv isor  and l i a i s o n  between Headquarters and t h e  f i e l d  o f f i c e .  
He a l s o  prov ided c o n t i n u i t y  t o  t h e  program du r ing  changes i n  Par ty  Chief.  H is  
major r e s p o n s i b i l i t i e s  were: 

1. schedul ing and f i e  I d  superv is ion  o f :  

a. t i d e  s t a t i o n  i 
b. t i d e  s t a t i o n  i 
c. t i d e  s t a t i o n  removals, ana 

n s t a l l a t i o n s ,  
nspect ions, 

May 1978 through March 1980 - Richard F. Edwing 

The Survey Technician func t ioned p r i m a r i l y  as an a i d e  t o  t h e  
Oceanographer by a c t i n g  as a crew leader  and a s s i s t i n g  w i t h  most o f  t h e  d u t i e s  
l i s t e d  above. The Survey Technician requ i red  good knowledge and experience 
w i t h  t i d e  gages, d i f f e r e n t i a l  l e v e l i n g ,  support equipment, and general 



construction. Often the Survey Technician functioned as a jack-of-all-trades, 
performing minor maintenance and troubleshootin 
support equipment, etc. The Survey Technician p Tot 
and, for the most part, was renewable. This enauieu LIIC >allle rmvluver LU be 
kept on continuously for a good part of the program. At t 
Survey Technicians attached to the CTP to compensate for a 
temporary difficulties in hiring Student Engineering Aides. 

imes there were two 
I heavy schedule or 

The Student Engineering Aides provided assistance in establishing , main- 
taining, and removing tide stations. Local individuals with an engineering or 
science background were generally hired to facilitate their training. They 
were hired on 9-month temporary appointments. The more experience and skills 
Student Engineering Aides accrued, the more duties and responsibilities were 
entrusted to them. 

Ins required dedication, determination, an 
, . . .  -. All of the positic d teamwork to 

accomplish the program's oojectives. Ine travel was extensive, often 
requiring up to 3-week long road trips to establish, maintain, or remove 
distant tide stations. Overtime was mandatory due to the distances involved 
and quantity of work to be accomplished. Hardships such as adverse weather, 
equipment failure, strenuous physical labor, and disagreeable surroundings 
were not uncommon. 'u 7 
completion of projc oors 
throughout coastal gors. 

However, the satisfaction gained from the successf 
?ct goals and the enjoyment derived from working outdl 
and estuarine California, more than made up for the ril 

C. Station Components/Instrumentation . . 
All secondary and tertiary tide stations established by the CTP consisted 

of the following components: 

1. analog-to-digital (ADR) tide gage, float, and floatwire; 
2. stilling well 
3. support struc 
4. tide staff; a 
5. tidal bench m 

The ADR tide gages used in the program were procured rrom two manufac- 
turers, Fischer & Porter and Leupold & Stevens. Both types of gages, in 
general, employ identical principles of operation and were thus used inter- 
changeably throughout the program. Each has a maximum range of 50 feet and 
records water level heights to hundredths of a foot, mechanically converting 
angular positions of a rotating shaft with a float, wire, and float reel 
assembly into binary coded (8, 4, 2, 1) decimal output. This information is 
recorded on a 16 channel foil-backed data tape being punched every 6 minutes. 
The data sampling interval of 6 minutes is controlled by a solid-state timer. 
The gages are powered by a 7.5 volt battery and are protected from the 
elements by weatherproof security covers. 

The Fischer & Porter models 1550 and 1551 are identical except for their 
exterior housing. A more detailed description of the Fischer & Porter ADR may 
be found in "Fischer & Porter - Instruction Bulletin (Number 35-1550C) for 
Type 1550 and 1551 Punched Tape Level Recorder (Spring Counterbalance Type) 
Design Level 'C'." 



A more d e t a i l e d  d e s c r i p t i o n  o f  t h e  Leupold & Stevens ADR may be found i n  
Leupold & Stevens " I n s t r u c t i o n s :  Stevens D i g i t a l  Recorder Model 7031, 7032." 

The s t i l l i n g  w e l l  i s  a v e r t i c a l  tube w i t h  a r e l a t i v e l y  smal l  opening 
( o r i f i c e )  i n  t h e  bottom. It i s  used i n  a t i d e  gage i n s t a l l a t i o n  t o  dampen h igh  
frequency waves w h i l e  f r e e l y  a d m i t t i n g  t h e  t i d e  t o  ac tua te  a f l o a t  which, i n  
tu rn ,  operates t h e  t i d e  gage. It extends t o  a water  depth w e l l  below, i f  
poss ib le ,  t h a t  o f  t h e  lowest  t i d e .  A schedule 40, 4- inch diameter PVC p ipe  
was used by the  CTP i n  most cases. Occasional ly,  however, s t i l l i n g  w e l l s  
a l ready  es tab l ished by o the r  agencies, such as U.S. Geological Survey, Bureau 
o f  Land Management, COE, and C a l i f o r n i a  Department o f  Water Resources were 
a v a i l a b l a  and w a r e  ~ ~ t i l i - r o d  hv tho  CTP T h ~ c a  c t i l l i n n  w a l l c  va r i pd  i n  c i 7 ~  

and typc 

duated s t a f f  f rom which t h e  he igh t  o f  t h e  t i d e  can be read d i r e c t l y .  It i s  
graduated i n  f e e t  and ten ths  o f  a f o o t  w i t h  the  l e n g t h  vary ing,  dependent upon 
type and manufacturer. Because o f  marine fou l i ng ,  t h e  t i d e  s t a f f  i s  u s u a l l y  
made o f  o r  coated w i t h  an e a s i l y  cleaned sur face such as f i b e r g l a s s  o r  
v i t r i f i e d  enamel. It i s  used as a reference standard f o r  comparative observa- 
t i o n s  and i s  r e l a t e d  t o  l o c a l  bench marks by d i f f e r e n t i a l  l eve l s .  

A t  each s t a t i o n ,  a network o f  a t  l e a s t  f i v e  t i d a l  bench marks was estab- 
l i s h e d  through recovery o f  h i s t o r i c a l  bench marks and/or t h e  s e t t i n g  of new 
.bench marks. The standard t i d a l  bench mark o f  t h e  NOS, t o  which t h e  t i d e  s ta f f  
and t i d a l  datums are  re fe r red ,  i s  a brass d i s k  3-5/8 inches i n  diameter. 

The gas purged pressure gage, comon ly  known as a "bubbler",  i s  an analog 
L ~- ~ ~ a - 2  , ~- - ~ - 2 - ~ - 7 .  . - 2  ~- - L..L ~ ~ - - .  -~ z .~ -  ..-.. type gage wnicn was occas iona l l y  usea as a oacKup gage o r  Tor reconnaissance. 
I t  i s  a p o r t a b l e  pressure-recording inst rument  t h a t  produces a cont inuous 
s t r i p  c h a r t  record  o f  water l e v e l  changes. The underwater p a r t  o f  t h e  gage 
r n n c i c t c  n f  a c m a l l  n r i f i r o  r h a m h n r  a t t a r h ~ r l  t n  a nac q~snnlv tlrho The c h n r ~  -" ..- .-  '- -. -. -,,. " . .  ". , .  .-- -..'" ,..--. "" I ,-.- rrrr .J r -.--. 
end o f  t h e  tub ing  i s  connected t o  t h e  gas system (pressure r e g u l a t i o n  
mechanism and n i t rogen  gas storage tank)  and t o  t h e  t ransducer  (temperature- 
compensated pressure be l lows)  and a s t r i p  c h a r t  recorder.  The Me te rc ra f t  
Model 7601 was used by t h e  CTP. Add i t iona l  i n fo rma t ion  on t h i s  t i d e  gage i s  
contained i n  M e t e r c r a f t ' s  " I n s t r u c t i o n :  Dry Purged Pressure Recording Tide 
Gauge by  Metercraf t . "  

D. S t a t i o n  I n s t a l l a t i o n  

The CTP es tab l ished t i d e  s t a t i o n s  a t  s i t e s  se lec ted  by Headquarters i n  
Wnrhil ln M a r w l t n r l  anr l  i cc t ,n r l  i n  annls=l D r n i n r t  Tnc t rmmr t innc  D m c n a r t i v n  '\"".. 1 1  1 b )  ""'J , " , a " ,  U,." ,.,dYGU ", U""UO, , , "J'GC " l ~ * ' U C C ' V " > .  I r V > y C G C , . b  

s t a t i o n  s i t e s  were e i t h e r  h i s t o r i c a l ,  de f ined as having had prev ious t i d a l  
measurements and t i d a l  bench marks establ ished,  o r  nonh is to r i ca l .  The loca-  
t i o n s  se lec ted  by Headquarters were as geograph ica l l y  s p e c i f i c  as poss ib le ,  
b u t  were dependent upon fea tures  d e t a i l e d  on t h e  bes t  a v a i l a b l e  NOS n a u t i c a l  
char ts ,  U.S. Geological Survey Quadrangles, and/or NOS a e r i a l  photography used 
t o  p lan  t h e  s t a t i o n  s i t e s .  I n  some cases where no support s t ruc tu res  were . - . . --. . - . . . .  , - . . --- 
apparent t rom t n e  OTTlCe intormat ion,  a general area was prov iaea t o r  t n e  L i r  
t o  l o c a t e  a s i t e .  A t  c e r t a i n  l o c a t i o n s  a Me te rc ra f t  Bubbler was requ i red  t o  
be i n s t a l l e d  f o r  a minimum o f  3 days t o  determine whether t i d a l  cha rac te r i s -  
t i c s  changed enough i n  t h a t  area t o  warrant  an ADR t i d e  s t a t i o n  i n s t a l l a t i o n .  



The f i r s t  s tep i n  establishing a t i d e  s ta t ion  was a thorough reconnais- 
sance of the prospective s i t e .  A reconnaissance involved traveling t o  the 
s i t e  and: 

1. Recovering a l l  h is tor ical  t ida l  bench marks ( i f  any) and any other 
bench marks which were s e t  i n  the area by other agencies. Any National 
Geodetic Vertical Control Network (NGVCN) bench marks w i t h i n  a 1-mile radius 
of the s i t e  also were recovered. If additional bench marks were needed, 
prospective s i t e s  were designated. 

2. Locating a su i tab le  support s t ructure  w i t h  su f f i c i en t  water depth and 
access ib i l i ty .  If no support s t ructure  was available then the selection of a 
sui table  s i t e  f o r  the construction of a support s t ructure  was necessary. In 
both cases a detailed l i s t  of materials and equipment needed t o  i n s t a l l  the 
t i d e  s ta t ion  was compiled. 

3. Obtaining permission from the property owner f o r  ins ta l la t ion  of the 
t i d e  s ta t ion.  

4. Locating a potential t i d e  observer. 

The next s tep was the actual establishment of the t i d e  s ta t ion.  A 
typical i n s t a l l a t i on  consisted of the s t i l l i n g  well being attached by various 
types of brackets and/or s t a in l e s s  s tee l  bands t o  a pi le .  Pi les  were u t i l i zed  
from piers ( f igure  I ) ,  fenders, channel markers, bridges, r a i l  road t r e s t l e s ,  
or  were sometimes freestanding. If a p i l e  or  a previously established s t i l l i n g  
well (from another agency) or.$ome other sui table  s t ruc ture  was not available 
then a support s t ructure  had to  be constructed. The support s t ructures  
constructed were e i t h e r  freestanding pi les  ( f igure  2 )  j e t ted  in to  the bottom 
w i t h  bracing bat ters  o r  a three- to  four-corner platform (f igures  3 and 4 ) .  

The t i de  s t a f f  was fastened to  a support backing, usually a 2- by 6-foot 
treated plank, and was preferably attached t o  a d i f fe ren t  - p i l e  ~ than the . . 

5 

I: 
1 

; t i l l i n g  well in order t o  i so la te  any settlement problems. The t i de  s t a f f  was 
)laced so tha t  i t  covered the f u l l  range of t i d e ,  was eas i ly  v i s ib le  t o  the 
:ide observer, and accessible f o r  cleaning and surveying. 

M O S ~  OT m e  r i a e  s r a u o n s  were lnszat lea ax lower iuw w a c e r b  LU 0 1  low LIE 

ar down s t i l l i n g  wells and s t a f f s  t o  be secured t o  the support s t ructures  as  f -  
as  possible. In some cases, t h i s  .. was ~ not feasible  and scuba diving was 
I -equired t o  properly make the ins ta l la t ion .  

A t  some of the San Diego County Lagoon t i d e  s ta t ions  a Metercraft Bubble! 
(as ins ta l led  i n  addition t o  the ADR t i de  gage as a backup gage. In addition 

I . . .  2- . . . J . Â.-.. ..-+-- ,^..^, F, . ."+ . , -+ i , .n r  
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wave groups, freshwater runoff var ia t ions ,  and possible wind and ra infa l l  
events t ha t  are  unique to  these small systems. The Metercrafts were ins ta l led  
and operated i n  accordance w i t h  the "User's Guide f o r  the Gas-Puraed Pressure 
Recording (Bubbler) Tide Gage." 

Bench marks a t  each t i de  s ta t ion were established i n  accordance w i t h  the 
"User's Guide f o r  the Establishment of Tidal Bench Marks and Leveling Require- 
ments f o r  Tide Stations (User's Guide)." A network of a t  l e a s t  f i ve  t ida l  











bench marks were established a t  each t i d e  s ta t ion  by recovery and/or the  
se t t ing  of new bench marks. The types of bench marks s e t ,  a t  l e a s t  200 f e e t  
apar t ,  were bedrock, deep rod, and monument ( large man-made s t ruc tures ) .  They 
were standard NOS brass survey disks stamped with the  l a s t  four d i g i t s  of the  
resoective t i d e  s ta t ion  number. a designating l e t t e r ,  and the  year. 

n the  t i d e  s t a f f ,  t i da l  bench marks, and 
the  NtiVCN bench -. . marks was pertormed t o  the  data qual i ty  standards (frequency, - .  % .  

accuracy, co I1 imation t e s t s ,  observing rout ine ,  closing e r r o r )  i n  accordance 
w i t h :  

"User's Guide f o r  the Establishment of Tidal Bench Marks and Leveling 
Requirements fo r  Tide Stations," by L t .  Cdr. A. Nicholas Bodnar, J r . ,  NOAA 
Tidal Requirements and Acquisition Branch, NOS, December 8 ,  1977. 

"Classification Standards of Accuracy, and General Specification of 
Geodetic Control Surveys," prepared by Federal Geodetic Control Comit tee ,  
NOS, February 1974, repr in t  May 1978. 

"Specifications t o  Support Class i f icat ion,  Standards of Accuracy, and 
General Specifications of Geodetic Control Surveys," by Federal Geodetic 
Control Comit tee ,  John 0. Phi l l ips ,  Chairman, NOS, July 1975, repr in t  May 
1978. 

Differential  levels  t o  a l l  f i ve  bench marks were run a t  each t i d e  s ta t ion  
upon ins ta l la t ion .  The instrumentation available were two Zeiss Nip automatic 
levels.  A t  secondary s t a t i ons ,  Second order,  Class I d i f f e r en t i a l  levels  were . . - .  . . - - . . . . . .- run  using the  3-meter Leiss precise rod L ~ Z  w T t n  an invar scale  and nart-  . . .. - -  . - -  
centimeter graduations. A t  t e r t i a r y  s t a t i ons ,  t h i r d  order d l  t t e r en t i a  i leve Is 
were run  using the Metagrad Philadephia rods graduated in centimeters. Two 
Zeiss paral le l -pla te  micrometers and sighting t a rge t s  were available f o r  water 
crossings. 

The hiring and t ra ining of the  t i d e  observer was one of the  most 
important aspects of the t i d e  s t a t i on  ins ta l la t ion .  A competent, well-trained . . .  , . .-. . . . * n  . . , ~  7 . .  ~r . S ~  . . , ~ ,  > - , ~  t i a e  ooserver martes a signiTicant airTerence i n  m e  qual i ty  OT xne xiaai oaxa . . . . .  . . .  
produced by a t i d e  s ta t ion.  

To document t i d e  s ta t ion  i n s t a l l a t i on  and record data,  a number of NOAA 
forms were used. They were: 

Tide Station Report (NOAA Form 77-12), 
Precise Level ing-Three Wire (NOAA Form 77-29), 
Abstract of Precise Leveling (NOAA Form 76-183), 
Leveling Record, Tide Station (NOAA Form 76-77), 
Description of Bench Mark (NOAA Form 76-75), 
Recovery Note, Bench Mark (NOAA Form 76-89), 
Weekly Tide Station Report (NOAA Form 77-24), and 
FAILog (NOAA Form 44-6). 

In  addition t o  these forms, photographs, a large-scale map section 
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:ions, and a description of how to  reach the  t i d e  s ta t ion  from a 
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Once a t i d e  s t a  t ion was ins i tal led i t  was . ted  to a reau ilar 
cycle of monitoring and maintenance. Monitoring was accomplished i n -  two 
steps.  F i r s t  was a monthly ro l l  scan by the CTP oceanographer. This was 
performed during the f i r s t  par t  of each month when a l l  the t i d e  r o l l s  had been 
forwarded t o  the CTP by the t i d e  observers via mail. All t i d e  r o l l s  were 
mailed i n  special cannisters by the observer and were sent ce r t i f i ed  or  
registered mail t o  help prevent t h e i r  being ios t .  Upon receipt  by the CTP the 
r o l l s  were scanned f o r  data defects such as mechanical, time, and/or observer 
problems. The problems were noted f o r  corrective action by the CTP and as  a 
processing aid  f o r  the Tidal Analysis Branch in  Rockville, Maryland. All but 
the most sub t le  problems were identifi l  
t h i s  f i r s t  step.  

ed and remedied i n  a timely fashion by 

The second s tep  was performed by the Tidal Analysis Branch i n  Rockville. 
If additional problems were ident i f ied by the Tidal Analysis Branch in  the 
course of processing a r o l l ,  the CTP was notified by telephone and a follow-up 
preliminary evaluation form. 

Emergency repairs were performed on a t i d e  s ta t ion  ~ -- i f  e i t he r  of the ~ . pre- 
vious steps turned u p  a problem. In addit ion,  the CTP was not i f ied of 
problems by telephone and/or Weekly Report by the t i de  observer responsible 
f o r  the t i d e  s ta t ion.  . .. 

A t  t i d e  s ta t ions  of suf f ic ien t  duration, semiannual inspections were 
performed. This would involve leveling t o  three bench marks, a visual inspec- 
t ion of the  t i d e  gage and the past  week of punched data ,  contact w i t h  the t i de  
n h c ~ r v ~ r .  a n d  if t h ~  A n R  oanp waq a I L e ~ ~ n n l d  R Steven%. a toroue t e s t  t o  " - - - , . - . , - . . - , . - . . - . . - . . 2-3- - --- - . - - - - - . - . . - ' - - - . 7- -  - - - -  - -  
measure the bearing f r i c t i on .  Torque t e s t s  were performed more frequently a t  
t i de  s ta t ions  susceptible t o  bearing deter iorat ion,  such as  t i d e  s ta t ions  i n  
areas of low t ida l  range and/or high sa l in i ty  

Annual inspections were performed a t  t i u r  > L C . L S U I ~ ~  V I  ~ U I  I I C I C I I L  UUI(I- 

t ion.  The annual inspection was identical  t o  the semiannual inspection except 
t ha t  a l l  f i ve  bench marks were leveled and t h e i r  descriptions ver i f ied.  

The removal of a t i d e  s ta t ion  involved leveling t o  a l l  f ive  bench marks, 
removal of a l l  equipment except the bench mark, and restoration of the s i t e  to  
i t s  original  condition, unless otherwise requested by the property owner. A 
t i d e  s ta t ion was removed only upon instructions from Headquarters i n  
Rockvil l e ,  Maryland. 

cal Support 

The CTP operatea out or  several iocatlons in  m e  ban rrancisco day region 
throughout the  cotlrw of t h e  nrooram. A t  each location the CTP s e t  uo loais-  
t i c s  along the san 



At each location, an office area was set up to provide working space for 
administrative purposes and to serve as the communications center. A telephone 
recorder was used to record emergency calls and other messages. A shop area 
was set up to provide space for the storage of equipment and materials, equip- 
ment repairs, and fabrication of station components. 

Vehicles assigned to the CTP consisted of a carryall and two utility 
trucks. The carryall was primarily used for leveling inspections and the 
trucks for station installation and removal. 

Boats provided vital support to the CTP. I W U  1"-IUUI. L l~rglass 
Livingston Whalers with 10 hp outboard motors were easily transported on top 
of either truck. A 21-foot Glasspar runabout and a 24-foot flat-hulled Monark 
work boat were transported by trailer. All boats were employed in reconnais- 
sance, mai ction, and in the support of scuba diving opera- 
ti ons. 

The ML,,,,, ,,, .,,,,,,.i with special gear to enable the tide party to set 
4- by 6-inch treated redwood piles for freestanding support platforms (figure 
2). An aluminum "A" frame fit into chocks on the Monark and was used in 
conjunction with a block and tackle, and a power winch. This equipment was 
used to hoist the pile and securely set it into position. Prior to placement, 
a 4-inch PVC floatwell with orifice and a tide staff was secured to the pile. 
These were correctly positioned from depth measurements taken during recon- 
naissance. A 1-inch PVC pipe was also attached to the pile by banding. This 
pipe ran the length of the pile and was connected to a gasoline-powered jet - 
pump to a jet in the pile. After the main pile was set, 2- by 4-inch or 2- by 
6-inch redwood batter piles were set by sledge hammer and/or jetting to provide 
support. Then a small platform and the tide gage were added. 

drock and monument marks 
was used to drill the hi 
To install deep rod benc 
mployed. 

Soecialized equioment was also needed to install bench marks (figure 5a). 
For be (figure 5b), a gasoline-powered rock drill/ 
hammer oles needed to mortar-in the bench marks (figure 
5c). h marks the followino eouioment and orocedures 
were el 
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obtained, the local utilil After a site was selected, and permission LY 
companies were contacted (if deemed necessary) to determine if any cables or 
pipes were located in the area. This was accomplished during reconnaissance. 
Installation was begun by digging a hole approximately 1-112 feet deep by 1 
foot in diameter. A section of 5/8-inch diameter, 8-foot long galvanized 
steel rod (NOS is now using 9/16-inch diameter type 304 stainless steel rods 
in 4-foot sections) was held vertically in the center of the hole and pushed 
in as far as possible by hand. A gasoline-powered rock drill with a pipe 
tamper attachment elevated by a portable aluminum "A" frame (or by standing up 
nn t h e  cir ln n f  a t r ~ l r k ' c  t r t i l i t v  hnrlvl wac ~acnrl t n  d r i v e  t h o  rnd rlnwn l f i m l r p  



a. BENCH MARK DISK 1 

SYMM. ABOUT 
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14" PVC SCHEDULE 

b. BEDROCK/ MONUMENT BENCH MARK 

1--35i' .-{ 

STEEL R O ~  

CONCEPTUAL SKETCH 

FIG. 5: ILLUSTRATION OF TYPICAL BENCH MARK, BEDROCK/MONUMENT 
BENCH MARK, DEEP ROD MARK AND INSTALLATION OF A 
DEEP ROD MARK 



Scuba diving was performed by qual i f ied members of the  CTP. I t  great ly  
f ac i l i t a t ed  the i n s t a l l a t i on ,  maintenance, and removal of most t i d e  s ta t ions  
and was essential  a t  many. 

perational Difficul t i e  

tional problems a r i s e  i n  any program and the CMBP experienced some 
LllrvuyrwuL i t s  course. The objective of pointing these problems out i s  t o  
prevent them from recurring, i f  possible, o r  t o  have provisions made f o r  them 
i n  future  programs. None of the problems were insurmountable and were worked 
out ,  b u t  they did impact the  CTP i n  terms of time and money; and the CMBP i n  
torme n f  l n c t  data  

California i s  a large s t a t e  and the CMBP had t i de  s ta t ions  along the 
coast and in estuarine systems from the Mexican border up t o  Humboldt Bay, a 
distance of about 700 miles. Tide s ta t ion locations were established as f a r  
inland as Sacramento and Stockton, about 75 miles from the Golden Gate. This 
was a very large area f o r  a f i e l d  party t o  cover. Most (approximately 75 
percent) of the t i de  s ta t ions  were in the San Francisco Bay/Delta area ,  and 
thus were within 2 t o  3 hours drive of the base, b u t  the f a r thes t  locations i n  
the Tiajuana Estuary were a long day's drive. T h i s  made i t  d i f f i c u l t  t o  
r ~ c n n n d  t n  Pmrnpnrv  r o n a i r s  i n  a2 t i m ~ l v  a fach inn  as wac d ~ s i r o d .  I t  a l s o  . -- r--..- -- - . . -J . - - . . , - . . . - - - . . . . - . - . - - . . . - . . - - . . - - - - - . . - - . - - - . - - 
t i ed  up personnel and equipment f o r  lengthy amounts of time to  i n s t a l l ,  
maintain, and remove the f a r the r  s ta t ions .  

In covering such a large area a wide variety of environmental conditions 
were encountered. Tide s ta t ion locations ranged from high energy open coast 
s i t e s  to  low energy backwater areas. Stations' were established in bays, 
harbors, lagoons, canals , marshes, r ivers ,  sloughs , and almost every type of 
waterway possible. Each waterway type and i t s  par t icular  requirements had t o  
be taken i n t o  consideration when designing an ins ta l la t ion .  The seasonal 
weather patterns a l so  had t o  be taken in to  consideration a t  some of the 
locations. California has a rainy season, a period running approximately from 
November through April,  when over 90 percent of the annual ra infa l l  occurs. 

Tide s ta t ions  established i n  areas affected by heavy freshwater runoff 
were subject  t o  damage by excessive currents,  f loa t ing  debris ,  o r  by actual 
flooding of the t i de  gage. In a few cases a slough's path would be a l te red  
and the t i d e  s ta t ion  would be l e f t  dry o r  cut  off  from t ida l  influence. The 
"masking" of the t ides  by the freshwater runoff a lso made i t  d i f f i c u l t  t o  
ident i fy  . - cer ta in  problems, such as floatwell clogging, when performing the 
I nonth ly ro 1 l scan. 

These conditions were commonly encountered i n  areas subject  t o  heavy 
runoff such as a l l  the San Diego County Lagoon s ta t ions  and many of the de l ta  
s ta t ions ,  par t icular ly  near the Sacramento area. 

Equipment and instrumentation malfunctions impacted the CTP i n  terms of 
time, scheduling, and money. Certain vehicles, boats, and equipment .were 
2ssential t o  par t icular  operations , and i f  t h a t  support was unavailable, the 
~pe ra t ion  had t o  be delayed. Tide gage breakdowns were top pr ior i ty  and 
required immediate response from the CTP. Malfunctions were unpredictable and 
iepending upon the number and time of occurrence, impacted the CTP t o  varying 
legrees . 



Analog-to-digital recorder t i d e  gage malfunctions resulted from a var ie ty  
of reasons. Defective par t s ,  worn out pa r t s ,  bad ba t t e r i e s ,  t i d e  observer 
e r ro r ,  and external abuse (such a s  vandalism, being h i t  by boats, e t c . )  a l l  
contributed t o  ADR malfunctions. Both types of ADR gages had cer ta in  malfunc- 
t ions  which tended t o  occur more often than others.  The Fischer & Porter had 
most of i ts  malfunctions center around the  punch block and tape advance 
...,.-h-.":.--- Th- I ,.....- 1 A  0 c+-.,,....- ."-lG....-+:-".- --"+-..-A -.",... ..A +h,. ,...-- A<..- 
I C ~ I  a .  I I IC C C U ~ U  I U  a J L C V C I I ~  wa I I UI ILLIUII> LCIILCI cu ar UUI~U LIIC CIILUU I I IY  

input system which i s  discussed i n  more de t a i l  l a t e r .  Both gages experienced 
timer malfunctions and a t  one point ,  a shipment of defective data tapes ( the  
advance sprocket holes were improperly spaced) resulted i n  a plethora. of 
malfunctions. 

A major impact on the  CTP occurred when the  Leupold & Stevens "stepping" 
problem came t o  l i g h t  and preventive maintenance measures were i n s t i t u t ed  in 
the ea r ly  summer of 1978. Stepping in an ADR gage i s  defined as a continuous 
s e r i e s  of f l a t  spots followed by a sudden r i s e  o r  f a l l .  In a Leupold & 
Stevens i t  was commonly caused by the  encoding drum, bulkhead, and negator 
spring bearings corroding and developing excessive f r i c t i ona l  resistance.  The 
Fischer & Porter does not use most of these bearings i n  i t s  design, so i t  d i d  
not develop a stepping problem due t o  t h a t  cause. 

The preventive measures consisted of performing a s e r i e s  of "torque t e s t s "  
on each Leupold & Stevens gage t o  determine whether the gage exceeded the 
>llnt.mrl  h e ~ r i n n  r e c i c t a n r n  l i r n i + c  T f  t h n  nano C a i l n r l  t h o  t n m q m  t o c t c  i t  w m c  
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pulled from operation and repaired i n  the  shop by replacing a l l  the  bearings, 
shims, and trip gears. Since the  majority of the  ADR's used in the CMBP were 
Leupold & Stevens, the  torque . t e s t s  and refurbishments required large amounts 
of time, par t i cu la r ly  a t  the  beginning, when a l l  Leupold & Stevens gages had to  
be tes ted and refurbished i f  necessary. After a Leupold & Stevens gage was 
refurbished and placed back in to  operation, i t  was torque tes ted  every 6 months . . . . . . .  . . ? . ,  . .  . 7 unless i t  was operating i n  an environment 1aenrlriea a s  pa rncu la r iy  rougn on 
the bearings. Stations exposed t o  high s a l i n i t y  and/or operating i n  a small 
t i da l  range f e l l  in to  t h i s  category. These s ta t ions  were torque tes ted quar ter ly  
and the data monitored closely t o  pick up stepping problems in t h e i r  ear ly  
stages. 

LU, Y C  " I  L Y  \ . " . L a  Y y b  l l l U J  Y .  a l l U J  ".. ..--..-. ... .""... .. 
i s ,  i t  need not be a problem i f  adequately handled by good planning. The 
f i r s t  s tep  i s  t o  rea l ize  t ha t  the  d i s t an t  t i d e  s ta t ions  will  require more 
s t a f f  hours than others and allow f o r  t h a t  i n  planning the  various phases of 
those t i d e  s t a t i o n ' s  operation and maintenance. The second s tep i s  t o  take 
added precautions in operating and maintaining those s ta t ions .  The t i d e  
observer takes on added importance. Every e f f o r t  should be made t o  f ind the  
most competent, r e l i ab l e  individual avai lable ,  who will f a i t h fu l ly  perform 
his/her du t ies  as a t i d e  observer. In addition t o  thorough t ra in ing ,  the  t i d e  
observer should be taught t o  make simple repairs.  This i s  normally not a good 
idea,  b u t  i t  can r e s u l t  i n  keeping a data break a t  these s ta t ions  w i t h i n  the  
allowable l imi t s .  A temporary repa i r  could enable the  t i d e  party t o  get  there 
before the  allowable data break was exceeded. The t i d e  observer should be 



instructed to attempt these repairs only after discussing the situation by 
telephone with the tide party. If a gage is nonoperational there is nothing 
to be lost if the observer cannot effect the repairs. 

Special attention should be given to monitoring the data rolls received 
from these stations to ensure catching mechanical problems at early stages and 
that the tide observer is performing duties correctly. Additional -. . inspection 
trips to check the tide gages may also be a prudent 
of a bubbler backup gage i s  another precautionary op 

Coping with the environmental problems encountE~~u L a , ,  uc aLLuwpa I = ~ K U  UJ 

good, thorough planning and foresight. When reconnoitering and designing the 
installation, it should be kept in mind that the site may change drastically 
under different circumstances such as the freshwater runoff previo--' 
discussed. Not every eventuality can be anticipated, but by care 
inspection of the area, talking with local residents, and researchin 
historical information available, a fairly complete picture can be drar 

usly 
ful 
g any 
un . 

Equipment breakdowns are best avoided by routine maintenance, servicing, 
and by treating the equipment with care. However, breakdowns still occurred 
due to the extensive use of the equipment. In order to minimize the amount of 
down time of equipment and its impact on field operations, it would be useful 
to desisnate an instrument repairman as a tide party position, similar to the 



B. Processing 

The f i r s t  s tep  in processing i s  the  Comparative Reading a t  which time one 
determines a se t t ing  and checks the general condition of the data on the 
record. The staff-to-gage differences a r e  determined by the processor by 
taking the s t a f f  readings as recorded by the observer a t  the  gage and sub- 
t rac t ing  the actual values recorded on the record a t  the indicated time. 
These differences a r e  ari thmetically meaned and the average staff-to-gage 
differences are  added t o  a level constant t o  provide corrections and 
continuity w i t h  previous records a t  t h a t  s ta t ion .  This will  r e f l e c t  any 
changes i n  the s t a f f  f o r  the datum of tabulation o r  s ta t ion  datum to  maintain 
continuity f o r  t i da l  datums. A se t t ing  f o r  the record i s  then computed. If 
there are  problems w i t h  the gage o r  i t  has been readjusted, or  the s t a f f  has 
been disturbed, a change i n  the  staff-to-gage differences may require a record 
t o  be processed on d i f fe ren t  se t t ings  f o r  d i f fe ren t  time periods. If the gage 
time d i f f e r s  from the observer's watch time, i t  i s  noted so tha t  the time 
adjustments can be made. Any obviously erroneous s t a f f  readings by the 
observer which do not have any discernible relationship w i t h  the other 
observations a r e  rejected and n o t  included in the computation of the mean. 

Problems of erroneous times, heights, o r  ma1 functions i n  the record a re  
noted on the Comparative Reading to  a id  i n  correcting the record while i t  is 
being processed. An e r ro r  code i s  derived from these trouble-shooting notes 
t o  highlight the major problems f o r  future  f a i l u r e  analysis. This code i s  
entered into  the computer system ( F i r s t  Data) which keeps a record of the 
s t a tu s  of the gages. To supplement trouble-shooting and t o  provide "feedback" 
t o  the  f i e l d  par t ies  f o r  the . repair  of malfunctioning gages, an evaluation 
sheet (Preliminary Evaluation) i s  prepared f o r  each record. The evaluation 
sheet summarizes the condition of the gage and i s  used t o  t e l l  the t i de  
observer and/or f i e l d  party the  problems which need t o  be corrected. The main 
objective i s  to  ident i fy  problems quickly so they can be corrected t o  keep 
inef f ic ien t  data t o  a minimum. After the Comparative Reading is completed. 
the s e t t i ng  computed, and Preliminary Evaluation f i l l e d  out,  the team leader 
checks them and sees tha t  the Comparative Reading data with i t s  e r ro r  code i s  
entered into  the computer. The record i s  then ready f o r  the t ransla t ion stage 
which involves the t ransfer  of the 6-minute data from punched paper tapes into  
computer compatible form. The present procedure i s  t o  t ransfer  the data onto 
a magnetic tape by a digital-to-magnetic tape t rans la tor  which opt ical ly  reads 
the punched paper tape. The magnetic tape containing the 6-minute values i s  
read into the Interdata 7/32 minicomputer. The system i s  then interrogated 
through an interact ive terminal which has a visual display (cathode ray tube) 
capabil i ty.  The record ident i f icat ion number i s  entered onto the terminal and 
through the appropriate command, diagnostics a r e  printed out on a pr in te r  which 
i s  connected t o  the computer as peripheral equipment. I f  there  are  no problems 
w i t h  the data ,  the tabulated data can be printed out,  having the se t t ing  
applied t o  the raw value from the record. The tabulation and reduction t o  
means i s  done automatically by the computer. I t  i s  then ver i f ied by comparing 
the r e su l t s  w i t h  previous months of tabulations under the direct ion of a senior 
oceanographer and the data i s  ready f o r  datum computations. This represents an 
ideal s i tuat ion where there  are  no defects in the record. When problems are 
encountered on a l e s s  than perfect  record, they have t o  be corrected. Data may 
contain time problems or invalid punches because of observer problems o r  gage 
malfunctions. Troubleshooting records w i t h  poor data occurs e i t h e r  a t  the 
t ransla t ion o r  the e d i t  stage. 



The time may be corrected by t ranslat ing i t  a few punches ahead ( f a s t )  o r  
a few punches behind (slow). Each punch accounts f o r  6 minutes and times are  
corrected in 6-minute increments ( tenths of hours). Where there  a r e  skips o r  
missing punches t ha t  do not include a high o r  low water, l inear ly  interpolated 
values are  entered in to  the keyboard on the t ransla tor .  When the r e su l t s  of 
the processing are checked, one examines the ending time of a uni t  ( s t r i ng )  of 
data to  see i f  the printed time matches the correct  time a t  the end. The 
printout of 6-minute values i s  used as  a diagnostic tool t o  find when and 
where the time problem occurred. 

... To check f o r  height discont inui t ies ,  the th i rd  difference t e s t  on the 
. . -- . .  . . .* 7 t e d i t  routine t i ags  puncnes wnicn may ae erroneous o r  wnere especial ~y spiasny 

(high wave act ion)  data occur. A plot may be made on the CRT screen o r  on a 
pr in te r  to  examine suspect data. Where ou t l i e r  (extreme) points appear t o  be 
par t  of the real t ida l  phenomenon, they a re  not al tered.  I f  the gage appears 
to  be malfunctioning by a fau l ty  punch, the heights may be corrected by 
including a "f ix"  parameter when submitting a job t o  the computer a t  the 
diagnostic scan stage. Where individual values appear to  be o f f ,  they are  
corrected on a case by case basis during edi t ing by the operator on a computer 
terminal connected to  the Interdata 7/32 minicomputer. The system allows f o r  
breaks in the  data to  be automaticallv f i l l e d  bv comouter under the control of 

C. Analysis 

There were 2,568 s ta t ion  months of records collected from t ide  s ta t ions  
established during the CMBP. Incorporated in to  t h i !  
t i de  records which only have a par t ia l  month of higb 
heights. Par t ia l  months of data r e su l t  from ins t a l l  IIIY a r l u  ~ .E I I IUV I I IY  L I U C  yay=> 
a f t e r  the f i r s t  day of a calendar month. Since i t  i s  not always feasible  for  
the f i e l d  party t o  i n s t a l l  and remove a17 t i d e  gages on the f i r s t  day of each 
month, par t ia l  months of records cannot be avoided. The tabulated data from a 
par t ia l  month i s  considered val id ,  b u t  no monthly means are determined. 

. . . . . 
Subtracting the 193 par t ia l  
received, leaves a t o t a l  o, 
processing. Below i s  a brei 
processing the t i d e  records. 

There were 1,675 months of t i de  record, when a f t e r  being processed were 
reduced t o  a f u l l  s e t  of monthly means. The majority of the data was of high 
qual i ty  and required l i t t l e  edi t ing by the analyst. However, a sizeable 
quantity needed extensive edi t ing and breaks f i l l e d  to  obtain a f u l l  tabulated 
month of data. Problems ranged from minor time adjustments t o  major mechnical 
t i d e  gage malfunctions resul t ing in a complete loss  of data. 
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a t i d e  s t a t i o n  whenever possib le,  even i f  e x t r a  e d i t i n g  and/or break f i l l i n g  
was requi red.  

There were 69 months o f  records f o r  which o n l y  mean sea l e v e l  o r  mean . . .  . . -. . . . . .  - . -. 
r i v e r  leve l  were computed. Iicte s t a t i o n s  located on tne  hacramento K iver ,  
such as Clarksburg (941-5846) o r  Sacramento (941-6174), had t h e  t i d a l  i n f l u -  
ence masked by f reshwater  r u n o f f  du r ing  p o r t i o n s  o f  t h e  year. I n  some areas 
o f  t h e  Sacramento River ,  the  water  l e v e l s  rose by 10 f e e t  o r  more du r ing  
per iods  o f  heavy ra ins .  When t h i s  occurred, h igh  and low t i d e s  cou ld  n o t  be 
L - L . . ~ . . L - A  u...... L- .... 7 . .  I-:-LL- --..I> L- +.h. . l . .&-A ---I -L+-:---I 
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When t h e  r i v e r  l e v e l s  dropped s u f f i c i e n t l y  t h e  t i d a l  i n f l u e n c e  appeared i n  t h e  
records and t i d e s  cou ld  again be tabulated.  

I n  s tud ies  o t  t n e  lagoons and coasta l  marsnes located near  t n e  Mexican 
border  and San Diego, t i d e  gages were i n s t a l l e d  a t  t h e  t r a n s i t i o n  zone between 
t h n  n r n a n i r  2nd n c t ~ a a r i n n  n n w i ~ n n m o n t c  ns l r inn  m n r t  n f  t h o  r m a r  a n a t r r r ; l l  
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sandbar across t h e  entrance o f  t h e  es tuary  prevented t h e  f r e e  movement o f  water 
i n t o  t h e  es tuar ine  system. During these months, t i d e s  cou ld  n o t  be picked. 
However, h o u r l y  he igh ts  were recorded and mean water  l e v e l s  were obtained. 

. . I n  t h e  Coyote Creek t r i b u t a r y  and t h e  Tiajuana es tua r ine  system, 135 - , , , . ? * , ~  . - 8 , - L - >  7 -  L L -  ,..- -c 7 - . ~  montns OT recoras nao o n l y  n lgn  waxers Laoularea. I n  general,  r ne  loss UT low 
waters occurred because t h e  area i n  which t h e  t i d e  gage was i n s t a l l e d  went d r y  
a t  low t i d e .  

vere 212 months o f . s e c o r d  which had un f .  
.-+ +h.- 30 r13,rr  i n  ienn+h n l l r i n r .  

l e d  breaks g rea te r  than 
.he.ce + i m n c  +he. t i d n  n.nn 

There r i 1 
3 days and ~ I Y L  LII(lI1 L3 U a J 3  IC I IYLI I .  YUI tllC4= LIIIIF= IjUy= 

e i t h e r  was i nopera t i ve  o r  was record ing  i n v a l i d  data, due t o  observer and/or 
mechanical problems. The down t ime can be minimized by having t r a i n e d  t i d e  
observers and an adequate number of f i e l d  personnel who can recognize and 
c o r r e c t  gage mal funct ions.  

Substandard data r e s u l t e d  i n  65 months o f  data having t o  be processed by 
hand, r a t h e r  than w i t h  t h e  p h o t o e l e c t r i c  scanner. When data was hand 

'3" ...U............................................J....... 

s were n o t  tabulated.  The substandard c o n d i t i o n  c a n  r e s u l t  
~ rob lems  o r  mechanical problems. 

ly, 219 months o f  data were c l a s s i f i e d  i n v a l i d  because o f  l e v e l i n g  
prooiems o r  t i d e  gage mal funct ions.  I n  some areas o f  t h e  Sacramento De l ta ,  
near t h e  Grant L ine  Canal, t h e  t i d e  s t a t i o n s  worked proper ly ,  however, 
i r r i g a t i o n  pumps had been i n s t a l l e d  i n  t h e  canals t o  pump water  t o  t h e  f i e l d s .  
These pumps, when operat ing,  removed vas t  q u a n t i t i e s  o f  water  f rom t h e  canals, 
which dropped t h e  water  l e v e l  and a1 te red  the  f l o w  i n  t h e  canals. Therefore, 
accurate t i d a l  measurements and datums cou ld  n o t  be determined due t o  t h e  
pumping a c t i v i t i e s  i n  these areas. 

The f o l l o w i n g  i s  a summary o f  t h e  processing r e s u l t s  o f  the  data 
c o l l e c t e d  du r ing  t h e  CMBP. 



Type o f  Data Months o f  Data Percentage 

P a r t i a l  months o f  record  193 
Complete v a l i d  months o f  da ta  1,675 
Months o f  data w i t h  Mean Sea Level o r  

Mean R ive r  Level 69 
Months o f  data w i t h  High Waters o n l y  135 
Months o f  data w i t h  High and Low Tides o n l y  65 
Months o f  data w i t h  breaks g rea te r  than 3 

days and l e s s  than 29 days 212 
Months o f  record  w i t h  no v a l i d  data 219 
Tota l  number o f  months o f  record  received 2,568 

V. TIDAL PARAMETERS Prepared by R. A. Smith 

A. I n t r o d u c t i o n  

T ida l  surveys o f  t h e  1970's i n  C a l i f o r n i a  were concentrated l n  p a r r i c u i a r  
regions o f  t h e  coasta l  and i n l a n d  waterways. A m a j o r i t y  o f  t h e  t i d e  gage 
i n s t a l l a t i o n s  were i n  t h e  San Francisco Bay Estuar ine System. Special  reg ions  
o f  t i d a l  s tud ies  were Tiajuana Estuary and North San Diego county lagoons i n  
southern C a l i f o r n i a ,  El khorn Slough i n  c e n t r a l  C a l i f o r n i a ,  and Humbol d t  Bay 
along t h e  nor thern  C a l i f o r n i a  coast. As never done before  on such a l a r g e  
scale, t i d a l  surveys were s imul taneously conducted i n  embayments, sloughs, 
marsh areas, channels, and r i v e r s .  Standard NOS procedures f o r  t h e  computa- 
t i o n  o f  t h e  var ious  t i d a l  datums and t i d a l  parameters f o r  t h e  West Coast were 
fo l lowed as o u t l i n e d  i n  "T ida l  Datum Planes (Special  Pub l i ca t i on  135)" by 
H. A. Manner and "Manual o f  T ide Observations ( -Publ icat ion 30-1)". Regions of 
h igh  dens i t y  t i d a l  surveys are  l i s t e d  i n  Table 1. 

Table 1. T i d a l  Survey Locat ions 

Region Contro l  T ide S t a t i o n  Area 

Southern C a l i f o r n i a  'mperic' "---' Tiajuana Estuary 

Southern Lagoons Southern C a l i f o r n i a  
near San Diego 

lough Centra l  Cal 

San Francisco Bay Centra l  Cal 
Estuar ine System 

i f o r n i a  

i f o r n i a  

a n  Dir 

Monterey 

- -  - Centra l  Cal i r o r n i a  ban r ranc i  sco 



Area Region Control Tide Station 

San Pablo Bay Central California 
Carquinez S t r a i t  

Suisun Bay and 
v ic in i ty  

Central California Port Chicago 

San Joaquin River Central 

Sacramento River Central 
Stockton 

Humboldt Bay Northern California Crescent City 
North Spi t  

* Secondarv Control 

B. Tiajuana Estuary 

Located due south of Imperial Beach, the  most southern town i n  California 
and north of the United States-Mexican border, i s  the  Tiajuana Estuary with 
i t s  i n l e t  exposed t o  the influence of the Pacific Ocean waters and t ides .  
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contributing t o  the overall t i da l  flow in the estuary. The slough bed leading 
from the ocean through the region i s  composed of a loose sand base which 
causes frequent changes in bottom topography. Due t o  numerous sand s p i t s  a t  
the entrance and throughout the slough, the water becomes severely r e s t r i c t ed  
a t  low water i f  not completely cut  off  i n  parts of the estuary. As a r e su l t ,  
" f l a t  low waters" may appear on the t i de  marigrams. In the computation of 
t ida l  parameters i n  the Tiajuana Estuary, the following r e su l t s  (Table 2) were 
obtained. 

Table 2. Tidal Parameters f o r  Tiajuana Estuary 

Station Number Station Name Mn DHQ DLQ Series 

941-0120 Imperial Beach Ocean 3.74 0.74 0.91 36 Months 
941-0013 South Borderf i e ld  1.91 0.69 0.09 3 Months -. 941-0016 I i ajuana Estuary Entrance 2.20 0.68 0.15 5 Months 
941-0020 Oneonta Slough (F i r s t  S t r ee t )  0.88 0.48 0.13 4 Months 
941-0023 Sewage Disposal Pond 0.91 0.50 0.11 3 Months 
941-0025 Oneonta Slough 0.95 0.41 0.10 3 Months 

I t  was observed tha t  the water level d i d  not f a l l  below a cer ta in  level 
i n  the various locations occupied in  the estuary. Impounding i s  eas i ly  
noticed from the t i d e  curve by f l a t  low waters and is termed an "apparent 
stand a t  low water." The range of t i d e  i s  depressed and DLQ i s  reduced as 
seen i n  Table 2. In the  upper reaches of the estuary DHQ i s  reduced due t o  the 
r e s t r i c t i ons  of water flow into t h i s  region or  trapped water t ha t  i s  unable to  
return t o  the ocean because of sh i f t ing  sand s p i t s  i n  the estuary. A f ina l  
decision has not been made as  t o  whether a l l  t ida l  datums will  be provided or  
just high water datums. 



C. Nor th San Diego County Lagoons by R. F. Edwing and R. A. Smith 

A t o t a l  o f  e igh l  
County Lagoon area. 
t h e  region,  t h e  f o l l o  - 

: t i d e  s t a t i o n s  were es tab l ished i n  t h e  North San Diego 
Based on t h e  a v a i l a b i l i t y  o f  r e l i a b l e  t i d e  records f o r  

wina r e s u l t s  were obta ined (Table 3). 

Table 3. T ida l  Parameters f o r  North San Diego County Lagoons 

S t a t i o n  Number S t a t i o n  Name Mn OHQ DLQ Ser ies 

941-0396 Oceanside Harbor 3.69 0.71 0.86 8 Months 
941-0392* San Lu is  Rey R ive r  0.32 0.16 0.07 2Months 
941-0384 Agua Hedionda 3.46 0.80 0.78 7 Months 
941-0342 B a t i q u i t o s  Lagoon East 0.79 0.41 0.06 2 Months 
941-0339 B a t i q u i t o s  1.94 0.50 0.36 2Months 
941-0302 San E l i  j o  Lagoon 1.38 0.51 0.14 1 Month 
941-0299 San E l i j o  East 1.14 0.44 0.18 1 Month 
941-0281 San Oeigu i to  Obtained water  l e v e l  on l y  

*Channel s h i f t e d  l eav ing  gage measuring water  l e v e l .  

Oceanic t i d a l  i n f l u e n c e  on t h e  lagoons i s  conveyed through a channel con- 
nec t i ng  each lagoon t o  the  ocean. The channel, t y p i c a l l y  comprising o n l y  a ., .- & - - .  -2 L L -  A. -L-, ,--..-- ---- :- I , . ,  +,.,. -..I,, ,I<..,,-+ =--"rc sma I I percentage OT rne L U L ~  I I ~ Y U U I I  a r - e a ,  I >  y e r l e r  a I ~ y  LIIC U I I  I Y  Y I I CLL L I C L S ~ ~  

t o  t h e  ocean. Thus, large,  fast-moving, volumes o f  water i n t e r a c z  through 
these channels and can q u i c k l y  erode/deposi t  l a r g e  q u a n t i t i e s  o f  sediment. As 
a consequence, t h e  channel i s  a very t r a n s i e n t  t o o o a r a ~ h i c  fea ture .  The t i d a l  
he igh ts  and t imes experienced by each lagoon n t  i n  t ime i s  a 
d i r e c t  r e s u l t  o f  t h e  respect ive  channel 's top1 p o i n t  i n  time. 

A c y c l i c  na ture  t o  t h e  channel 's topography became apparent a f t e r  
1 y e a r ' s  observat ion o f  t h e  t i d e s  and surrounding environment. The channels 
a l t e r n a t e  between being i n  e ros iona l  and depos i t i ona l  phases. The c o n t r o l  1 i n g  
parameter t o  these phases i s  t h e  l o c a l  seasonal r a i n f a l l  and weather pa t te rn .  
I n  w in ter ,  when most o f  the  r a i n f a l l  occurs, heavy f reshwater  r u n o f f  scours 
o u t  t h e  channels, widening and deepening them. A f t e r  the  r u n o f f  subsides, a 
deep unobstructed channel a l lows good t i d a l  i n t e r a c t i o n  between t h e  ocean and 
the  lagoons. However, as the  r u n o f f  subsides t h e  channels t rans form f rom the  
eros iona l  phase t o  t h e  depos i t iona l  phase. The channels s low ly  s i l t  i n ,  
g radua l l y  r e s t r i c t i n g  t i d a l  ac t ion ,  u n t i l  i n  some cases, t h e  channel i s  
b ' completely. This s i t u i  e t  o f  t h e  next  
h i ns .  A rough chronology 
) locked o f 1  
l i n t e r ' s  r a  

Erosional Phase 

i t i o n  remains u n t i l  t h e  ons 
o f  t h e  c y c l e  i s  as f o l l o w s :  

:hannel s a re  very  r e s t r i c t e c  . -  . . . . . . 1. October - December: The c I and may ~ecome 
t o t a l l y  obs t ruc ted  such t h a t  no t i d a l  interaction taKes place. The lagoon's  
water  l e v e l  i s  very low b u t  r i s e s  r a p i d l y  as e a r l y  r a i n s  and r u n o f f  occur. 
Some lagoons are  drainage basins f o r  creeks, smal l  r i v e r s ,  and r e s e r v o i r  
overf low. The water  l e v e l  can reach an abnormally h igh  e levat ion .  



2. December - April: Heavy rains and runoff scour away the depositional 
sediment. The channel becomes unobstructed b u t  most t ida l  influence i s  masked 
by the outflow of f---L. ' 'L- ' ----- "-Ae- 7 -..-' '- 'L- 7 ----- 
is reduced substan- 
basin. 

Depositional P 
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t i a l l y  w i t h  much sediment washed down from the drainage 

'hase 

1. April - June: The channel i s  unobstructed and freshwater runoff 
decreases rapidly. Good t ida l  interaction occurs w i t h  l i t t l e  s i l t i n g  of the 
channel. 

le - September: As water lev anc I ow 
vf the water decreases, s i l t i n g  res' he 
t i a a ~  interaction. The channel may begin ro  close uo Tor snor t  perloas and 
build u p  towards a permanent obstruction. 

All t ida l  datums a re  available a t  Oceanside Harbor and a t  Agua Hedionda 
Lagoon (with a qualifying statement). Oceanside Harbor and Agua Hedionda 
channels were dredged and not subject  t o  the s i l t i n g  obstructions experienced 
by the other lagoons. Further examination of the  t ida l  observations are  
needed before any f ina l  decision can be made on the other s ix  locations i n  the 
area. 

D. Elkhorn Slough 

After data analysis ,  one pf the -. four . planned . . secondary . . s ta t ions  was rede- . . 
signated as  a t e r t i a r y  s ta t ion.  Therefore, of the e ight  s ta t ions  established, 
there were three secondary and f ive  t e r t i a r y  s ta t ions .  The t ida l  parameters 
f o r  Elkhorn Slough, reduced t o  mean value, f o r  the 1941 through 1959 t ida l  
epoch, are  as  follows (Table 4):  

Table 4. Tidal Parameters f o r  Elkhorn Slough 

DHQ DL Series 

941-3450 Monterey 3.59 0.71 1.06 19 Months 
941-3616 Moss Landing 3.50 0.72 1.03 15 Months 
941-3617 Ocean Pier,  General Fish 

"-npany 3 ~ ' 2  
n 7n 1 n2 

,rn S1 
m e  B 
r i cu l t  

941-3626 tlknorn Yacnt L I U D  3 . q ~  U./U I.UL 
941-3631 El khorn Slough a t  El khorn 3.51 0.71 1.04 
Oa1-7Kfil V i r h v  D a r k  Flkhorn 3.70 0.69 1.03 

Bridge 3.71 0.72 
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E. San Francisco Bay Estuarine System 

Most of the  t i d e  s ta t ions  established f o r  the  CMBP were i n  the  Bay System. 
Tidal observations were made a t  a l l  but a few of the  1930 s i t e s  and some new 
locations were added during the  boundary program. The Bay system has been 

in to  the following areas f o r  the  convenience of discussion: 

lden Gate 
n Francisco B 
n Pablo Bay a 
rquinez Stra i  
isun Bay and 

- -  --n Joaquin R i v  
7. Sacramento Rive. 

aY 
nd Tributaries 
t 
Vicinity 
e r 
r a n d  riel t a  A r e a  

en Gate 

- + +h3+ I All 0, 
LLI-^.__L LL 
LIIVJUYII  L I I ~  Golden Gate. The t i da l  charac te r i s t i cs  a t  the Gate a re  changed 
only s l i gh t ly  from those on the  ocean a s  the  ocean waters en te r  the  Bay. The 
r.7,- 2 -  2 . 7  . .  . .  . A A A 7 A 7 !-\ LL- 

t i da l  observations collected during the  boundary program. 

Table 5. Tidal Parameters f o r  Golden Gate 

Station Number Station Name Mn DHQ DLQ Series 

941-4806 Sausali to 
941-4818 Angel Island 

4.20 0.55 1.17 2 months 
3 on n c n  i i 9  i n  
J. 33 u.uu L A  13 ycat J 

3.84 0.59 1.12 24 months 
4.08 0.58 1.15 9 months 

San Francisco Bay 

Over the  duration of the  program a high concentration of t i d e  s t a t i ons  
were i n  operation on the  west s ide  of south San Francisco Bay, both within the  
sloughs and w i t h i n  the Bay proper. Only a few locations were occupied south of 
Oakland on the  e a s t  s ide  of the  Bay. This was primarily because of the  
extensive mud f l a t s  and i t  was d i f f i c u l t  t o  es tab l i sh  s ta t ions  t h a t  could be 
properly attended. The mean range of t i d e  increases from north t o  south in  the  
Bay, with the  range accounting f o r  a large percentage of the  Bay volume, 
because the  t i da l  range i s  large r e l a t i ve  t o  the average water depth. The 
value of DHQ i s  v i r t ua l l y  the  same (0.6 foo t )  throughout the  Bay while DLQ 
increases 0.1 foo t  from 1.1 t o  1.2 f e e t  north t o  south along the  perimeter of 

t ab le  6).  

I I 0 .  Tidal P h r a l ~ t c ~ c r ~ >  I U E  =an Fra 

Station N 

941 -43 

~nc isco  Bay (Proper) 

umber Station Name Mn DHQ DLQ Series 

. . -05 North Point 4.23 0.60 1.09 17 Months 
941-4317 Pier 22-112 San Francisco 4.44 0.61 1.08 17 Months 



~41-4530 ~ U I I L ~ I - b  ru  II IL -t . 
941-4391 South San Francisco 5. 
941-4413 Seaplane Harbor 5. 
941-4449 
. . . . . - . Coyote Po in t  Marina - .. . - . .  r . .  . , 5. - 

d Creek ( C M 8 )  b.U/ 
t on  Br idge 6.48 

Creek Entrance 7.04 
Bay Wreck 6.16 
t eo  Br idge (East) 5.83 
andro Channel 5.47 
a 

, . I  r ,A  I , - - > ,  

4.70 
A 9- 

1.13 3 I'IUIILIIb 

1.15 12 Months . .- A" . . ~  ~ L , . .  

S t a t i o n  Number S t a t i o n  Name Mn DHQ DLQ Series 

,-,A. "qrn I # . . - & - - -  ,,-dm* " 9C 9 1.11 13 Months 
2; 1 1.12 9 Months 
3f 3 " C I"--&L- 

5: 1 
941-4458 ban mate0 ~ r i a g e  , -. .- (west) - s.7! - -. ? 1.10 ~4 ~moncns 
941-4501 Redwoo - 1 1.20 21 Months 
941-4509 Dumbar I 1.20 21 Months 
941-4575 Coyote 1 1.26 13 Months 
941-4609 South 0.61 1.19 11 Months 
941-4637 San Ma 0.62 1.15 3 Months 
941-4688 San Le 0.62 1.15 19 Months 
941-4750 A1 amed 0.61 1.12 19 Years 
941-4779 Matson w n a r ~  ( u a ~   anal 4.30 0.60 1.09 15 Months 
941-4816 Berkeley 4.29 0.59 1.12 6 Months 
pal -ARLQ Rirhmnnd (Tnnor Harhnr)  4.15 0.59 1.10 12 Months 
! 
! 

In houzn Jan r r a l l L l b ~ u  ~ a y  L l l r r r  a r c  illal~y LICCII* C~ I IV  J I U U ~ I , ~  V 1  I W K  

mainstream o f  t h e  Bay. The t i d a l  i n f l u e n c e  i s  r e s t r i c t e d  i n  some o f  the  
sloughs (Table 7). Such occurrences are  due t o  r e s t r i c t i o n s  w i t h i n  t h e  reg ion  
such as t h e  topography o r  depth o f  channel a t  low water  stages. I n  a few 
instances, on l y  t h e  h igh  water,datums were computed. I n  o t h e r  cases. t h e  DLQ 
was reduced and t h e  mean range o f  t i d e  depressed as shown i n  Table 

Table 7. T i d a l  Parameters f o r  San Francisco Bay (Slough Regions) 

---I 7 ' '  ' - - - - I  

Corkscrew Slol . 
Newark Slough 
Westpoint Slol 
Gran i te  Rock 
Mowry Slough 
Mud Slough 
Palo A1 t o  (CM $8) 
Guadalupe Slough 
Upper Guadalupe Slough 
Gold S t r e e t  Br idge - 

S t a t i o n  Number S t a t i o n  Name Mn DHQ DLQ Ser ies 

941-4483 Bay Slough (West) 5.85 0.62 1.12 8 Months 
OAl-AaR6* Rav S lmroh  ( F a s t )  5.72 0.62 0.85 6 Months 

13 1.15 7 Months 
9 1.18 4 Months 
13 1.16 8 Months 
11 1.17 8 Months 
i6 1.12 6 Months 
i9 0.46 4 Months 
11:. '4 Months 
11: i Months 
i 1 1 Months 
i 1 i Months 

941-4561* Coyote Creek T r i b u t a r y  1 I.U4 U.58 i Months 
941-4589* Coyote Creek T r i b u t a r y  2 h igh  water  o n l y  4 Months 
941-4585* Coyote Creek T r i b u t a r y  3 h igh  water  on l y  5 Months 
941-4621* Coyote H i l l s  Slough 5.57 0.60 0.51 4 Months 
941-4632* Alameda Creek 5.17 0.59 0.30 3 Months 
941-4711 Oakland A i r p o r t  4.87 0.62 1.09 5 Months 
941-4746 Park S t r e e t  Br idge (r-"'--" ' " 1.11 5 Months 
941-4764 Oakland Inner  Harbor 1.12 5 Months 

6.19 0.6 
6.70 0.5 
6.43 0.5 
h igh  water  on 
h igh  water  on 
7.32 0.6 
7.38 - -. 0.6 - - 

* Res t r i c ted  Tides 



3. San Pablo Bay and Tributaries 

The mean range of t i d e  in  San Pablo Bay i s  greater  than the Golden Gate 
region and increases i n  the upper reaches of the t r i bu t a r i e s  branching out from 
the Bay. The values of OHQ and OLQ are  0.1 t o  0.2 foot  l e s s  than a t  the Golden 
Gate (Table 8). The San Pablo Bay t ida l  regime i s  influenced by the waters 
from the ocean and r iver  discharge from the San Joaquin, and the Sacramento 
River through Carquinez S t r a i t .  

Table 8. Tidal Parameters f o r  S: 

Station Number Station Name 

in Pablo Bay and Tributaries 

Mn OHQ DLQ se r i e s  

Pinole Point 
Hercules 
Sonoma Creek Entrance 
Sonoma Creek (Wingo) 
Petaluma River Entrance 
Lakeville, Petaluma River 
Upper Drawbridge (Petaluma 

1.03 17 Months 
0.91 12 Months 

4.19 0.55 0.85 12 Months 
4.38 0.54 0.82 3 Months 
4.37 0.57 0.99 22 Months 
4.76 0.50 0.91 12 Months 

Larqulnez Lrrai 
Bay. The S t r a i t  i s  
t ida l  currents tha t  
decreases frnm we<+ 

r I S  rne connecclny WdLrrwdy u r L w r r r l  J ~ I I  r a u l u  ~ I I U  JU13UII 

a deep channel tha t  maintains i t s  depth by the strong 
flow through the channel .*. The mean range of t i d e  

t n  p a c t  i n  t h p  S t r a i t  w i t h  no aooreciable chancre in  DHO 
and 0.1 foot  
data collect1 

1 

c - - 

-,,. ..-.. . "- ---" ... - -. - . - .. . - r r ~  ~ 

decrease i n  DLQ fram west t o  east .  Table 9 i s  a s~rnm&~ of the 
ed f o r  Carquinez S t r a i t .  

'able 9. Tidal Pa rameters f o r  Carquinez S t r a i t  

itation Number 

941-5218 
941-5143 
941-5111 

Station Name Mn OHQ DLQ Series 

Mare Island Navy Yard 4.01 0.56 0.92 16 Months 
Crockett 4.04 0.54 0.93 14 Months 
Benicia 3.62 0.51 0.81 36 Months 
Suisun Point 3.70 0.50 0.80 3 Months 

sun Bay and Tributaries 

Bay i s  a broad, shallow body of water w i t h  many marshes and 
, ~ r~ ~ . r > - ~ . . L , .  A:A:-- ..z Z-..-L ,.-&-.- --- , , - . I , . ,  

Suisun 
numerous islanas.  LonsioeraD le quanri cieb UI I I-em w a L r r  a r c  L U I I L  I I I U ~  I I J 

discharged into  Suisun Bay by the Sacramento and San Joaquin Rivers. This 
fresh water has a considerable influence on the t i da l  charac te r i s t ics  in  t h i s  
local i ty .  In the Suisun sloughs DHQ and DLQ are  consistently between 0.5 and 
0.7 foot ,  respectively. In Suisun Bay the DHQ and OLQ i s  0.5 and 0.6 foot ,  
respectively. The mean range of t i d e  i s  l e s s  in the bay than in the adjoining 
sloughs with the range of t i d e  increasing i n  the upper reaches of the sloughs, 
which is similar t o  the s i tua t ion  tha t  occurs i n  San Pablo Bay. The t ida l  
parameters computed f o r  t h i s  area are  l i s t e d  in Table 10. 
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Table 10. Tidal Parameters f o r  Suisun Bay and Tr ibu ta r i e s  

Y ~ I - S L ~ S  buisun ~ i t y ,  ~ u i s u n  brougn 3.84 u.41 u. b8  IL Montns 
941-5402 Montezuma Slough Bridge 3.58 0.49 0.69 12 Months 
941-5307 Meins Landing, Montezuma ~ -~ ~ ~- - ~ 

Slough 3.6 hs 
941-5144 Port  Chicago, Suis  3.6 h s 
941-5112 1 Ferry Whar 

3.5' hs 
15, New Yor 3.61 hs 

8 12 Mont 
9 24 Mont, 

9 15 Montl 
0 5 Montl 

The San Joaquin River i s  a meandering narrow body of water  w i t h  many 
t r i b u t a r i e s  o f f  t h e  main stream and a l s o  connecting with t h e  Sacramento River. 
In t h i s  region OHQ and DLQ a r e  c o n s i s t e n t l y  about 0.45 f o o t  w i t h  the mean 
range of t i d e  between 2.3 and 2.7 f e e t  i n  t h e  various segments of the r i v e r  
system. Table 11 i s  the r e s u l t  of da ta  c o l l e c t e d  durinq the boundary proqram. " - - .  - 

Table 11. Tidal Parameters f o r  the San Joaquin River 

i t a t i n n  N~tmhpr S t a t i n n  Namp Mn nHn nl fl % r i p s  

941-4868 Orwood 
941-5149 Prisoner 
941-5105 Wards Cu 
q A l  -ARK6 H n l t .  Wh 

- 
2.37 0.4 

s Point  2.40 0.4 
2.50 0.4 

ckpv S l n m h  7.66 0.4 

-"-" .-.. ..-..,--. -"-" .-.. ..-...- . .. . -- T 

941-5063 Antioch 2.68 0.46 0.57 24 Months 
941-5145 False River 2.31 0.43 0.47 16 Months 
941-5193 Three Mile Slough 2.26 0.44 0.46 12 Months 
941-5198 Potato Slough 2.47 0.42 0.48 5 Months 

11 0.44 12 Months 
I !2 0.44 19 Months 
~t .2 0.45 15 Months 

. .-  ,-"- ..- . .. ... 11" ..-, - . -- ----  . 4 0.45 15 Months 
941-5021 Black Slough ~andi;;  2.71 0.44 0.45 12 Months 
941-5004 El dorado Pump 2.78 0.43 0.44 4 Months 
941-4883 Stockton 7 Q G  n as 0.44 12 Months 
941-4867 Borden Highw 0.46 12 Months 

7. Sacramento 

In t h e  lower I 
. - .  

River ar 

reaches c .  = - . .ide 
i n r r o a c ~ c  f r n m  7 8  t n  2 1  f e e t  f r n m  t h ~  p n t r a n r p  irn t h p  r i v p r .  and t h e  DHn a n d  , ,,-, ----- . . -... -.- "- -.- . ---  . . -..- -. -..-- -r . . . - . '  T 

DLQ a r e  gene ra l ly  0.5 t o  0.6 f o o t ,  respect ive ly .  In the  mid-reaches of the 
river, t h e  range of t i d e  i s  depressed a t  high water  s t ages  in  the  winter  and 
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s p r i n g  and t h e  t i d a l  a c t i o n  i s  r e s t r i c t e d .  I n  t h e  upper reaches o f  t h e  . . r i v e r ,  
t i d a l  i n f l u e n c e  genera l l y  d imin ishes i n  the  v i c i n i t y  o f  Knights Landlng 
(941-6643) where t h e  t i d e  i s  apparent ly  completely masked by r i v e r  discharge. 
Table 12 l i s t s  the  r e s u l t s  o f  t i d e  observat ions c o l l e c t e d  i n  t h e  r i v e r  du r ing  
t h e  boundary program. 

Table 12. T ida l  Parameters f o r  Sacramento R ive r  

S t a t i o n  Number S t a t i o n  Name Mn OHQ DLQ Ser ies 

941-5176 C o l l i n s v i l l e  2.79 0.47 0.58 15 Months 
n n l  - c 9 7 c  -rhro0-~iln clnrlnh 2 n l  n Afi n KF! 16 Mnnthc  

941-5478 New Hc 
941-5489* Wal nu1 
941-5522* Bensor 
941-5565 Snodgi 
941-5846* Clark: 
941-6174* Sacran 
941-6643** Knight 

' "  CC-8" ' C  4'"Uy" .,."A 

Rio V is ta  3.12 
Terminous 2.52 

)pe Br idge 2.22 
: Grove 2.16 
1 Fer ry  Br idge 2.07 
-ass Slough 1.8: 
;burg 1.3, 
nento 0.8: 
:s Landing - 

* T ida l  In f luence Sigr 
* A A T . . C l , . ^ .  

i i f i c a n t l y  Masked Per iod ic& 

".7" -."" *- ..-,.-..- 
0.47 0.57 14 Months 
0.43 0.43 12 Months 
0.42 0.34 12 Months 
0.40 0.29 13 Months 
n "n 0.'" '" "^--' 'Is 

0. IS  
0. IS 
0. IS  - I S  

- - 
, y  uy m , , . L s  D i  

JL 1L I'IUIILI 

29 12 Montt 
18 8 Montt 
13 9 Montt 

9 Montt 

scharge 

The De l ta  area i s  southeast o f  t h e  San Joaquin R iver  and south o f  t h e  
Sacramento River.  It i s  charac ter ized by t h e  many i n te rconnec t i ng  channels o r  
t r i b u t a r i e s ,  such as Old River,  Middle River,  'and extensions o f  t h e  San 
Joaquin River .  The t i d a l  cond i t i ons  i n  some regions o f  t h e  De l ta  were 
a f f e c t e d  by f reshwater  r u n o f f  o r  by water  being pumped ou t  o f  t h e  t r i b u t a r i e s  
f o r  i r r i g a t i o n  purposes. Table 13 shows t h e  l o c a t i o n s  where data was 
c o l l e c t e d  i n  t h e  De l ta  Area du r ing  t h e  boundary prog 

941-4785* Grant Line Bridge, U ld  KlVer -- - - 5 moncns 
941-4778* Naglee Bridge, Old R ive r  -- - - 5 Months 
941-4759* H o l l  

R i  - - 5 Months 
941-4768** Moss 0.35 0.18 5 Months 

* Tide a f f e c t e d  by d a i l y  pumping o f  water  from Old R ive r  f o r  it--'--"-- 
t h e  D e l t a  region. 

** Subject  t o  f reshwater  r u n o f f  t h a t  masks t h e  t i d e .  

F. Humboldt Bay 

There were o n l y  two s t a t i o n s  i n s t a l l e d  between San Francisco and Humboldt 
Bay du r ing  t h e  CMBP. They were a t  Po in t  Reyes and Arena Cove, which have 



In lower Humboldt 8ay the t ida l  parameters are  re la t ive ly  constant w i t h  
the mean range of t i d e  between 4.8 and 4.9 f e e t  and DHQ a t  0.7 foot  and OLQ a t  
1.2 fee t .  In the upper Bay, north of the  i n l e t ,  the  s i tuat ion i s  d i f fe ren t .  
From the i n l e t  up through to  the  entrance t o  Mad River and over to  Eureka, the 
range of t i d e  increases with OHQ and DLQ remaining unchanged a t  0.7 and 1.2, 
respectively; except i n  the Elk River and slough regions, ea s t  of Eureka. The 
t ida l  parameters based on the 1970's surveys are  given i n  Table 14. 

Table 14. Tidal Parameters f o r  Humboldt I 

Station Number Station Name 

Hookton Slough 1.19 
Fields Landing 1.20 
Red Bluff Bridge 1.18 
Elk River 0.38 
North Spi t  1.20 
Bucksport 4 . ~ 3  u.11 1.25 
Eureka 5.23 0.72 1.24 
Samoa 5.24 0.72 1.24 
Freshwater Slough 5.30 0.72 1.06 
vu .73 1.24 

Series 

17 Mnnfh ,  

reka Slough 
d River ' 

per Mad River 

LL 8 # U L ~ L , , S  
9 Months 
9 Months 

11 Months 
12 Months 
6 Flonths 

25 Months 
9 Months 
7 Months 
7 Months 

22 Months 

Reduced Range and DLQ due to  Topography of River 

G. Comparison of Tidal Charact 

Several s ta t ions  along the  Ca 
compare mean range over a 57-year period o r  three t ida l  epochs. In general. 
the data indicates l i t t l e  change i n  range a t  most s ta t ions ,  except a t  Benecia 
and Eureka. The following i s  a sumnary of the mean range ( i n  f e e t )  compared 
a t  selected locations over thr 

1924-1 1960-1978 

San Oiego 4.1 4.1 
Los Angeles 3.8 3.8 3.8 
San Francisco 4.0 4.0 !I. 1 
Sausal i to  3.9 3.9 1.0 
Benicia 4.1 1.3 3.7 
Eureka 5.0 5.2 5.3 
Crescent City 5.1 5.1 5.1 

Data collected from t h i s  program and pr ior  surveys provide an opportunity 
t o  compare t ida l  datums (1941 t o  1959 t i d e  epoch) a t  spec i f ic  locations 
re la t ive  t o  the National Geodetic Vertical Datum (NGVD). Figure 6 shows the 
re la t ive  changes between t h i s  program and pr ior  surveys. 
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Figure 7 shows plots of monthly mean sea level data during 1978 f o r  
several s ta t ions  w i t h i n  the San Francisco Bay area. The curves show the 
re la t ive ly  uniform response of sea le-1 blifhin t h o  and the general trend 
of a high sea level during the winte a level du the 
summer months. 

H. NGVD 

The NGVD is a fixed reference aaopLea as a sranaara geodetic oazum f o r  
elevation. The NGVCN i s  a system of bench marks connected by f i r s t -  o r  
second-order leveling establishing NGVO throughout the continental United 
States.  

When the NGVCN was w i t h i n  1 mile of a t i d e  s ta t ion  i t  was connected t o  the  
t ida l  bench marks by second-order levels.  This allowed datums established a t  
one s ta t ion  t o  be compared t o  datums established a t  another s ta t ion  through the 
NGVO relationship.  Many of the  s ta t ions  have a NGVCN connection. Several 
changes were made in the format of the new published bench mark sheet as  
follows: 

1. California i s  l i s t e d  w i t h  the designated NOS number 941 and California 
Part  I ,  Part  11, and Par t  I11 will  be de le t  

L.  La' 

er  than mer il 
C = ~ h  s ta t ion location l i s t ed  is a ~ ~ u w p a , , , ~ ~  , a n u u ,  ,lumber 

rathc the for idex map numbering system. 

ted on 
L , ~  - 

i s  s t a  I the bench mark sheet t ha t  MLLW i s  reduced t o  mean 
values re~erenced  t o  m e  1960 through 1978 t ida l  epoch. 

he NOS leveling and adjustment date f o r  NGVD i 

,.,,,, regions i n  California,  par t icular ly  i n  the S U , , , ~ ~  VVUv.JYIII. 

and Sacramento River regions, have NGVD based on d i f fe ren t  adjustments. I t  i s  
common to  find the 1956 and/or 1967 through 1968 adjustment used t o  compute 
NGVD i n  the various regions of the  San Francisco Bay Estuarine System. This 
leads t o  inequal i t ies  in the system par t icular ly  i n  regions w i t h  d i f fe ren t  
ra tes  of subsidence. The National Geodetic Survey (NGS) of NOS i s  working on a 
system t o  eliminate these inequali t ies.  

Figure 8 shows the relationships between MLLW, MSL, and MHW referenced t o  
NGVD along the California coast f o r  t i d e  s ta t ions  i n  the NTON. Between San 
Diego and Point Reyes NGVO-MLLW vary between 2.5 and 2.9 feet .  In inland 
bodies of water along the coast ,  such differences could be higher o r  lower 
depending upon the t ida l  conditions w i t h i n  the body of water. The differences 
between NGVD and MLLW are  greater  along the Northern California coastal region 
compared t o  Central and Southern regions. 

I f  the sea level re la t ive  t o  land were tne same over tne  e n t l r e  coastal 
region, the MSL-NGVD relationships would be v i r tua l ly  the  same, b u t  t h i s  con- 
di t ion does not ex i s t .  The difference between MSL and NGVD varies from 
approximately -0.1 t o  +0.3 foot over the  coast  of California. 
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The difference between MHW and NGVD varies from 1.8 to  2.2 f ee t  between 
San Diego and Point Reyes. Such differences are  higher i n  Northern 
California. Again w i t h  MHW-NGVD as  with NGVD-MLLW such differences can 
greater o r  less  along the coastal region than inland bodies of water. 
depending upon the range of t i de ,  other t i da l  conditions, and topography. 

The NOS presently has pub1 ished NGVD-MLLW information f o r  California with 
s ta t ion  locations or iginal ly  occupied in the 1930's. Most of these s i t e s  were 
reoccupied during the CMBP. Since there i s  evidence of subsidence i n  parts of 
California,  f o r  example, the Suisun Bay, San Joaquin and Sacramento Rivers 
regions, NGVD-MLLW will not be published f o r  a l l  reoccupied s i t e s  where NGVD-MLLW 
were formerly published. However, NGVD-MLLW can be provided on a continual 
basis f o r  those s i t e s  where subsidence i s  occurring w i t h  the understanding tha t  
there  i s  a reduced accuracy in the NGVD-MLLW values and caution should be taken 
i n  the use of data from such locations. 

VI. PROGRAM ACCOMPLISHMENTS 

A. Introduction 

The program accomplishments l i s t e d  here represent targeted goals d i rec t ly  
.tained by the NOS/CMBP w i t h i n  a spec i f ic  time period. What cannot be fu l ly  
L A  - .  L L  . L . - A  ,--- LL_L LL- L _ . _ l - l  - - A  1. 
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lished by the program can provide. Federal, s t a t e ,  and private sectors will 
u t i l i z e  the network and t ida l  data f o r  decades t o  come, f o r  delineating 
boundaries, mapping coastal areas ,  construction, s c i e n t i f i c  research, and man- 
< iging coastal resources. 

<. 

The 304 t i de  s ta t ions  or iginal ly  proposed were the optimum number planned 
to f u l f i l l  a l l  possible NOS/State of California requirements. Approximately 
50 percent (153 s t a t i ons )  of the proposed network was established, w i t h  
)udgetary and operational r e s t r a in t s  . preventing . f u l l  completion. These 
A .  . L L  1- L:-L - ^  : _ _ . - A , _ _  _l-L_-_-.--A L.. llnc 
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Scarlons were esrao I lsneo i n  nigr l  pr lur l ry  area> d>  J U  irlLiy U e L e r l r l i r l e u  uy IYUJ 

and the State  of California. 

The program original ly  required four new primary t i de  s ta t ions  i n  
d i t ion  t o  the exis t ing NTON s ta t ions .  Primaries were established a t  Port 
icago, Suisun Bay, and San Mateo, South San Francisco Bay. Two future  . A 7 L A ^ L ^..---^&1.. ^"---.C;-^ 7--- +,.- 
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secondary s ta t ions .  North ! 
determined by data evaluatit 
a t  Sacramento and Stockton. 

Eighty (70 percent) of 
(38 percent) of the planned 186 t e r t i a r y  s ta t ions  were established during the 
program. The t e r t i a r i e s  were operated in  conjunction w i t h  t h e i r  controll ing 
s 

B. Tide Stations 

- .  
Spit, Humboldt Bay, i s  one and the ot6er i s - t o  be 
3n and other requirements from s ta t ions  operating 

the ~ ~ planned 114 secondary s ta t ions ,  . and . 71 . 
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he following tab le  provides a summary of the number of s ta t ions  
ished i n  various geographic locations: 

phic Location Primary Secondary Tertiary Total 

T i a i u a n a  Estuarv 

Total 

In addi t ion t o  the  r : t i v i t i e s  a special project  was undertaken 
which required a 6-monih extension of the  program from December 1979 t o  
June 1980. T h i s  project  involved a study of the Sacramento River and some 
:oastal marshes and lagoons in Southern California. 

C. Tidal Bench Marks 

An e z z e n t i a l  n a r t  n f  t h o  e c t a h l i < h r n e n t  o f  a  t i d e  z t a t i n n  i z  t h e  i n z t a l l a -  .... ----..-,-. r-. - - . --. ---. .-..- - .  - - .  -- - ".. .- .-  
t ion and leveling of a system,Of t ida l  bench marks t o  which t i da l  datums are  
ultimately referenced. These bench marks provide a permanent record and 
method of recovering t ida l  datums long a f t e r  the actual t i d e  s ta t ion  has been 
removed. The datums computed f o r  each bench mark are  periodically updated 
using data from the 20 control t i de  
r e su l t  of the program, approximate1 
established o r  updated. 

s ta t ions  currently i n  operation. As a 
y 950 permanent t ida l  bench marks were 

As a ru le ,  i f  a t i d e  s ta t ion  i s  within 1 mile of the NGVCN, a level 
connection i s  made to  es tabl ish the re1 ationship between the local t ida l  
datums and NGVD. This allows datums established a t  one t i d e  s ta t ion  to  be 
( 

1 
I 

:ompared to  datums established a t  other  t i d e  s ta t ions  through the NGVD 
"elationship. Most s ta t ions  established during the program were connected to  
UGVD. Those s ta t ions  not connected were generally too f a r  from the NGVCN. 

D. Tidal Datums 

Tho t i d a l  datttmz o c t a h l i < h e d  a t  each t i d e  z t a t i n n  a r e  t h ~  n r i n r i n a l  ...- ".--. ----...- -----. - -  ---.. -. - r -  

product published and provided by NOS t o  the user. Datums can be transferred 
through surveying and u t i l i zed  i n  engineering, charting, s c i e n t i f i c ,  and legal 
applications. 

O f  the  2,375 s t a t i ons  months of data col lected,  2,156 s ta t ions  months, o r  
90 percent, were processed and found acceptable f o r  computing t ida l  datums. 
Presently, datums have been published f o r  105 of 153 s ta t ion  locations estab- 
1 ished (69 percent completed). The remaining s ta t ion  locations will  be 
published by the end of Fiscal Year 1983, except f o r  several of the San Diego 
County Lagoon and a few Sacramento River s ta t ions .  These s ta t ions  do not 



exhibi t  periodic t i da l  f luctuat ions  (due t o  freshwater inf lux,  excessive 
pumping a c t i v i t i e s ,  e t c . ) ,  therefore ,  conventional t ida l  datums cannot be 
computed. 

E. Bench Mar 

The t i d e  s t ?  , . . - - - - . . - kt 
(341-~65~1, and ban' 
update the bench mark publications t o  tne  revise0 rormat ana e levanons  or 
bench marks referred t o  the 1960-78 t i da l  epoch. Historical  s t a t i ons  a t  Holly 
Sugar Refinery (941-4759), Naglee Bridge (941-4778), Clifton Court (941-4794), 
and Grant Line Bridge (941-4785) were reoccupied, b u t  no bench mark sheets 
will be published because of the  daily e x t r  
pumps. Other his tor ical  t i d e  s ta t ions ,  Sel 
(941-5095), Union Island Highway Bridge (941 
Webb Ferry (941-5147), Junction Old and Sa 
Carquinez S t r a i t  Lighthouse and Vicinity (S 
(941-5356), South Pacif ic  Railroad, Oumbarto~ 
Electr ic  Light Plant (941-4756), were not re 
from the published l i s t .  The his tor ical  s ta t ions  not reoccupiea o u t  rezainea 
a re  Point Isabel (941-4843) and Angel Island, West Garrison (941-4817). The 
t i d e  s ta t ion  a t  South Bay Wreck (941-4609) has t i da l  datums b u t  no bench marks 
established.  Tidal datums cannot be computed f o r  Knights Landing, Sacramento 
River, because of the  high r i ve r  staging masking the t ide;  therefore,  no 
published sheet  will  be available f o r  this location. Many of the  bench mark 
s 'ar t  I1 were dropped from 
t Ficient length of s e r i e s ,  
lack o t  aaequate L Y  year  conzroi, or  eviaence oi,oencn mark i n s t ab i l i t y .  If a 
t i d e  s ta t ion  has l e s s  than three recoverable bench marks and the  d i f f e r en t i a l  
elevations change s ign i f ican t ly ,  the  t i da l  bench mark - .  sheet . a lso  would -.- be 

action of water by i r r i ga t i on  
by (941-5142), Frank's Tract 
-4827), Jacobs Road (941-4882), 
n Joaquin River (941-4781), 
141-5166), Tubbs Island Wharf 
n Point (941-4510), and Alameda 
!occupied and have been dropped . , .  . . .  > 

dropped from publication. However, the  information would be kept on t i l e  ana 
provided t o  the  public upon request. 

F. Index Maps 

Users of the  products provided by the  program, will  be informed of the 
data avai lable  by two se t s  of index maps, now available.  One s e t  of char ts  ~. - . . - - -  . . . . . .  . . ,  . .  . t ~ .  ,~ ,~ ~ ~ - 8 ~  

shows the  locations t o r  a l l  t i a e  s ta t ions  i n  tne sxate  Tor wmcn oencn marK 
sheets a re  published. The second s e t  of char ts  shows a l l  s ta t ion  locations 
where t i da l  observations were made. To supplement the  index maps, a s ta t ion  
l i s t  will be provided giving the  s ta t ion  number, name, geographic posit ion,  
i n s t a l l a t i on  and removal dates,  bench mark publication date ,  and length of 
s e r i e s  used f o r  computing the published datum. 

7 . .  2 .  -.__ ..>,, L : - -  . . - - l -L- - l  - L  L r n C  U - - A  -....- :" ine inaex maps w i  I I De n l d i n t d l r t e u  drlu u p a t x u  a L  INUJ n r auqua r  L r r  s I I I  

Rockville, Maryland. Distribution of the  index maps t o  the  user will be 
handled jo in t ly  by the NOS and the  S ta te  Lands Division. Details  f o r  
r e n ~ m c t i n n  manc w i l l  he  n u h l i z h e d  i n  annronriate nrofessional iournals. 



VII. RECOMME 

A. Intr 

This section is based upon experiences and information derived not only 
from the CMBP, but also from NOS involvement in other state cooperative programs. 
Recomnendations are made on preserving past program's accomplishments, on 
updating them, and on conducting future tidal surveys. 

B. Bench Mark Maintenance 

Each tide station established during the program had a minimum of five 
bench marks installed and/or recovered. Periodic maintenance of the bench 
marks is essential to the preservation of the tidal datums established. The 
bench marks are the only means of recovering the datums at the station once 
the instrumentation has been removed, other than through the complete 
reinstallation of the station. If the number of bench marks at a station 
Arnnc tn twn nr lncc fhnn tho Aatsrmc a m  nntonti>llw lnct stnlocc tho "'",ad *V *"V " 1  .-a>, - a ' C "  *.a- ""*"..'a U S  L y - * C " * . Y  8, 'V..", V" . - -a  *..- 
difference in elevation between the two bench marks has remained constant. 
Even with two marks, the credibility of the datums is questionable, since 
local movement could affect the elevation of both marks equally. 

A bench mark maintenance program would consist of periodic inspections of 
each station location involving recovery of the bench marks, stability levels, 
u n d ~ t i n n  d ~ + c r i n t i o n < .  and n o s s i h l v  the collection of additional tide data. - - - - . . . - - - - . . r - . - . . - z  r - - - . - . 4  .~ ~ ~ 

If any bench marks have been destroyed or show excess movement, they should be 
replaced. A program of this nature is currently being implemented in Florida 

aue ro penaing I icigarion ana orner reaera i/>race requi rernerlLs. ouugerarly arlu 
operational restraints prevented planned lower priority stations in other areas 
from being established. Thus, only limited data is available from certain 
coastal regions, particularly between Port San Luis and San Francisco (except 
Monterey Bay), and between Arena Cove and Humboldt Bay. These areas should be 
included in any future tidal survey. 

Future tidal programs also should resurvey the region between the 
Carquinez Strait and the San Joaquin-Sacramento River systems. The tidal 
characteristics in this region, coupled with subsidence, have changed . - -  -. . . .  . a , ,  . L drastical ry. Inis transition is an ongoing process ana neeas 50 oe monirorea 
clncnlv . "'* ., . 

D. NGVCN 

At stations where the CMBP did not determine rates 0' 
conditional NGVD-MLLW values are provided. These values win, l l v c  us puul l J l l s u ,  

but can be provided to the State of California, State Lands Commission upon 
request. Releveling of the NGVD network in some areas will be required to 
detect and measure such movements. It is recommended that a joint program 
between NOS and the State be established to relevel the NGVD network in these 
areas. 



E. Integrated Logistics Support (ILS) 

NOS has developed and adopted a systematic standardized approach for the 
tidal support of its water levels measurement system, called ILS. In addition 
to documenting operational and maintenance procedures, it involves modification 
of ADR tide gages to reduce gage down time and thus data loss. It is recommended 
that any future tidal survey be performed in accordance with ILS standards to 
increase the efficiency of the operation and produce high quality data. 


